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@\ COMPASS++/AMBER COMPASSHS
2 approximately 10 yeatsng effort,Lolis submitted in Jan. 2019 AVIBER

of possible COMPASS successor ~ 10 years ago,

A Number of Workshops has been organized, .
for detail see COMPASS++/AMBER web page: CERN-SPSC-2019-003
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Apparatus for Meson and Baryon Experimental Resex
_ Welcome | COMPASS++/AMBE X
&« C o afd © & https://ngf-m2.web.cern.ch A > 270 authors
£ cerN, JINR 3 INFN&DOC [ Notizie [ banking 5] pogoda [ viaggi [ casa [ slovari [ Aute [ telefn S
CERN Fi
<j\ :?::Zif,sf;;{::i:fmbeamHOME DOCUMENTS WORKSHOPS -;,:" Letter of Intent:
7\ IneoffeCmNEES 0 A New QCD facility at the M2 beam line of the CERN SPS’
SRGANISETION = yor COMPASS++ /AMBER’
L
Welcome 53

B. Adams”’]_jf, C.A. Aidala', R. Akhunzyam;w”’, G.D. A]ex_e_ev”, MG. Ale:g&_sev“, A. Amoroso’"*,

27/05/2020 Oleg Denisov 3


http://arxiv.org/abs/1808.00848

COMPASS++/AMBER

COMPASS s

A New QCD Facility at CERN SPS M2 beam line AIVIBER

Physics Beam Beam | Trigger | Beam Earliest Hardware
Program Goals Energy | Intensity | Rate Type Target | start time, additions
[GeV] | [s7'] | [kHz] duration
muon-proton Precision high- active TPC,
elastic proton-radius 100 4-10° 100 p,i pressure 2022 SciFi trigger,
scaftering measurement H2 1 year silicon veto,
Hard recoil silicon,
exclusive GPDE 160 | 2-10 10 u* NH; 2022 modified polarised
reactions 2 years target magnet
Input for Dark | P production | 20-280 | 35- 10° 25 P LH2, 2022 liquid helium
Matter Search | cross section LHe 1 month target
target spectrometer:
T-induced Heavy quark 12,20 | 5-107 25 T LH2 2022 tracking,
spectroscopy exotics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-107 25 T ow 2022
1-2 years
Drell-Yan Kaon PDFs & | ~100 10* 25-50 | K. P N[—I;. 2026 Tactive absorber”,
(RF) Nucleon TMDs Ow 2-3 years vertex detector
Kaon polarisa- non-exclusive
Primakoff bility & pion | ~100 | 5- 10° =10 K~ Ni 2026
(RF) life time 1 year
Prompt non-exclusive
Photons Meson gluon | =100 | 5-10° | 10-100 - LH2, 2026 hodoscope
(RF) PDFs T Ni 1-2 years
K-induced High-precision
Spectroscopy | strange-meson | 50-100 | 5- 10° 25 K~ LH2 2026 recoil TOF,
(RF) spectrum 1 year forward PID
Spin Density
Vector mesons Matrix 50-100 | 5-10° | 10-100 | K=, x| fromH | 2026
(RF) Elements to Ph 1 year

Table 2: Requirements for future programmes at the M2 beam line after 2021. Muon beams are in blue,

conventional hadron beams in green, and RF-separated hadron beams in red.
Oleg Denisov
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Conventional muon/hadron

M2 beams

I RF1 RF2

—/ T\ <~

Momentum L

selection

Choose e.g. AD,,

AD = 2n (L f / ¢) (Bt - By ) with Byt - Byt = (m2-my2)/2p?
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ANIBER
Physics Beam Beam | Trigger | Beam Earliest Hardware
Program Goals Energy | Intensity | Rate Type Target | start time, additions
[GeV] | [s™'] | [kHz] duration
muon-proton Precision high- active TPC, P HASE‘
elastic proton-radius 100 4-10° 100 p,i pressure 2022 SciFi trigger,
scaftering measurement H2 1 year silicon veto,
Hard recol Siicon, Conventionahadronand
exclusive GPDE 160 | 2-10 10 u* NH; 2022 modified polarised
reactions 2 years target magnet muon b e am S
Input for Dark | P production | 20-280 | 35- 10° 25 P LH2, 2022 liquid helium
Matter Search | cross section LHe 1 month target
target spectrometer: ~
Finduced | Heavyquark | 12,20 | 5-107 | 25 7 | w2 | 202 tracking, 2022C 2025 and beyond
spectroscopy exotics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-107 25 T ow 2022
1-2 years
Drell-Yan Kaon PDFs & | ~100 10% 2550 | k.7 N[—I;1 2026 "active absorber”,
(RF) Nucleon TMDs Ow 2-3 years vertex detector
Kaon polarisa- non-exclusive
Primakoff bility & pion | ~100 | 5-10° =10 K~ Ni 2026 P HASE
(RF) life time 1 year
Prompt non-exclusive
Photons Meson gluon | =100 | 5-10° | 10-100 * LH2, 2026 hodoscope Conventional and RF
(RF) PDFs T Ni 1-2 years
K-induced | High-precision se para‘ted
Spectroscopy | strange-meson | 50-100 | 5- 10° 25 K~ LH2 2026 recoil TOF,
(RF) spectrum 1 year forward PID H ad ro dH ad ron
Spin Density
Vector mesons Matrix 50-100 | 5-10° | 10-100 | K= x" | fromH | 2026 and muonbeam
(RF) Elements to Ph 1 year

Table 2: Requirements for future programmes at the M2 beam line after 2021. Muon beams are in blue,

conventional hadron beams in green, and RF-separated hadron beams in red.
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There are two bearing columns of the facility:

1. The issue of the emergence of the hadron mass
2. Proton spin (largely addressed by COMPASS)

FIRST, EHM:

How does the all visible matter in the universe come about
and what defines its mass scale?

Unfortunately, the Higgboson discovery (even if extremely
important) does NOT help to answer this question:
V The Higg$oson mechanism produces only a
small fraction of all visible mass
V The Higggienerated mass scales explain neither
0KS aKdzaS¢é LINPO2Y YI &aa
masslessness 2F GKS LIAZ2Y

Two bearing columns of the COMPASS++/AMBER
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Pion Kaon

W

o My ~ 490MeV

o M, ~ 140MeV

e M, ~ 940MeV

e Spin 0 e Spin 0 e Spin 1/2
o 2 light valence o 1light and 1 “heavy” o 3 light valence
quarks valence quarks quarks

Higgs generated masses of the valence quarks:

V2N 0KS Wy S| NI @&

As Higgs mechanism produces a few percent of visible mass, thus the mass
scale is defined by QCD mechanisms

27/05/2020
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EHM CONBASSH+
@ (mass budget in proton, different QCD mechanismléonbuGoldstone AVIBER
X bosons)

Dresseequark mass function M(p)

&
)

0.1

';‘ 1 I I I 1 |
m N Y a
0.4 Rapid acquisition of mass is —

=) eﬂﬁr:t of gluen cdoud

L h 7

= 0.3 —m =70 MeV 7
—m = 30 MeV i
—m = 0 (Chiral limit}

p[GeV]

One of the possible proton mass

decomposition (calculation on lattice)

YitBo Yong et al.,

Phys.Rev.Lettl21 (2018) no.21, 212001

27/05/2020

The proton mass in the chiral limit is close to its nominal mass,
as quark «gain» a mass evolving in to constituent one as its momentum
became smaller.

Higgs mechanism vs spontaneous

symmetry breaking mechanism

It is very different for pion and kaofightest
NambuGoldstone modesas they aremassles
in the chiral limit by definition.

Does this mean that their gluon content is equally small and different
from the proton once?C Must Study PDFs

.Quark mass quark energy

‘ Relativistic motion ‘ B-.;antum fluctuation |
|

[ VT [
ss: M=E;+E;+xm,+T,

;,'2 Quark Energy K’Gluon Energy . wTQuark Mass | Trace Anomaly

_Glue energy

QCD
trace anomaly
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COMPASS++/AMBER physics program AIVIBER

the issue of the emergence of the hadronic mass (EHM)

Questions to be answered:

AMass difference pion/proton/kaon

AMass generation mechanism (emergent mass .vs. Higgs)
AGluon content, especially important pion/kaon striking difference

Methods:

Drell-Yan: Prompt photon production:
o— X ‘
' ikl ©
"
P ————ror - ¥ &

e 90's: NA3, NA10, E615

e 10's: COMPASS-II e 90's: NA24, W70
e 20's: COMPASS++ e 20's: COMPASS++

As well Charmonia production, pi/K diffractive scattering, pion/kaon polarizability

Drell-Yan:

Vincent Andrieux (Tuesday)

Charmonia&Prompt Photons: Charles-Joseph Naim (Thursday)

Primakoff:
27/05/2020

Andrei Maltsev (Friday)
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EHM
COMPASS++/AMBER (pion induce@itent)

Pion structure in
pion induce DY

Expected accuracy

as compared to NA3

@ Yy =0" ¢ —0o™ € only valence-valence

+ _
@ Ys=40" ¢ — o™ € no valence-valence

@ Collect at least a factor 10 more statistics
than presently available

@ Minimize nuclear effects on target side

e Projection for 2 x 140 days of
Drell-Yan data taking

o m to w— 10:1 time sharing

o 190 GeV beams on Carbon target
(1.9AF,

o Improvement of shielding to double
the intensity is under investigation

COMEASSH
ANIBER

Experiment Target type Beam energy (GeV)  Beam type  Beam intensity (part/sec) DY mass [Gn:\-’."c“”r Y events
+ 7
E615 200cm W 252 " 17.6x 10 405 -8.55 5000
T 18.6x 10 0000
+ 4 7 ;
0em H, 200 " 200 4185 40
NA3 : n 3.0% 107 121
+ » T T
6em Pt 200 T 205107 42-8.5 176
T 3.0=10 4961
286 - 7 4.2-8.5 TRO0
2
120cm Dy 140 n 65 % 10 435-85 3200
NALD
286 42-8.5 49600
12 cm W 194 n 65 % 107 4.07 -85 155000
140 435 _RS5 29300
COMPASS 2015 - - 33000
COMPASS 2018 | 10¢m NH; 190 m 7.0% 10 43-85 2000
—_—
190 [ - LT 107 43-835 r?l?{}{]
’ 4.0-8.3 31000
P 43 -85 H7000
190 4
This exp o 6810 40-8.5 91100
; 5 43-85 8300
b em W 1490 T 0.4 =10 4085 11700
190 - 16w 107 43 -85 24100
\ y 40-835 L.'*l][:‘{.’l_J

Isoscalar target 4+ Both positive

Oleg Denisov
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@ COMPASS++/AMBER (kaon induce@Micent) U»’L‘;‘J::;:*

Extremely important to compare the gluon content of kaon
and pion (emergent mass)

I RF1 RF2
o First ever DY measurements that could lead to kaon PDFs _/I_I\_@w
@ Achievable statistics depends on beam energy and on kaon beam purity. Momentum L
Assuming 1=7 x 107 s=! with 30% kaons: selection Choose e.g. AD,,
o 40 kevents (K~) and 5 kevents (K*) @ 100 GeV A® = 210 (L / ) (B - B,2) with Byt - B, = (my2-m,2)/2p?
o 25 kevents (K™ ) and 3 kevents (K*) @ 80 GeV
Experiment Target Beam  Beam intensity  Beamenergy DY mass DY evenis
. .. . _ _ o -
Projected statistical errors after 140 days of running, e Opc (perteo) (GV)  (GeVic) wiuT et
— -
compared to NA3 stat. errors A3 pemPt K e B
(60 ) 40-85 12000 [ 8000}
=~ 14 70 40-85 18000 | 10,900
E K~ 21107 80 40-85 25000 | 13700
Ef 1.2 100 40-85 40000 | 17,700
5 I This exp. . 120 40-85 54,000 : m.‘;&
h : 60 : 40-85 1000 [ 600
= 70 40-85 1800 900
> K™ 1% 80 40-85 2800 | 1,300
- 100 40-85 5200 | 2000
OB [ This: o channel 120 40-85 8000 | 2400
n s ¥ i N’ 4
0.4 | This€e channel &0 40-85 31,000 20,500
B bl ; 70 40-85 50800 25400
0.2~ L This exp. 100emC  m 4.8%] 8D 40-E5 65500 29700
E 0z 04 06 08 X 100 40-85 95500 36,000
120 40-E5 123,600 39,800
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@\ COMPASS++/AMBER
- Charmonium(Charles)
Collected simultaneously with DY data, with large PP TERR T
counting rates g »

Physics objectives:
A Study of the J/ (charmonig production

mechanismsdgcfusion vs gcannihilation), RR Y
comparison oCEMandNRQCD
A Probe gluon and quark PDFs of pion

A v (2S) signal studftee offeed-down effect
from and. ;- .,

Method: Model depended separation of contributions
from two competent processes using data collected
with both positive and negative beams

COMPASS s
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